Since the majority of multiple endocrine neoplasia type 2A (MEN 2A) patients have missense mutations at codon 634 and those with the Cys630 RET genotype mutations are extremely rare, limited clinical information is available about this rare type. We report here three members of one Japanese MEN 2A family with the Cys630Tyr genotype. A 67year-old woman presented a firm thyroid nodule, and preoperative examination revealed medullary thyroid carcinoma with primary hyperparthyoidism and no pheochromocytoma. At surgery, bilateral medullary thyroid carcinomas and parathyroid adenoma were found. No lymph node metastasis was identified. Computed tomography scans and laboratory examination of blood have shown no evidence of tumor recurrence and no abnormality of parathyroid function during the 4 years after surgery. A 40-year-old man, the proband's son, was shown to have the same RET mutation, underwent total thyroidectomy prophylactically, and only microscopic foci of medullary thyroid carcinoma were found. A 10-year-old boy, the proband's grandson also having the same RET mutation, showed normal basal serum calcitonin level and has been followed up conservatively. To our knowledge, 18 patients of 6 families with the Cys630 mutations have been reported so far. This is only the second reported case with primary hyperparathyroidism. RET 630 mutations might be associated with lower penetrance of primary hyperparthyoidism and pheochromocytoma.
GERMLINE mutations in the REarranged during Transfection (RET) proto-oncogene are associated with multiple endocrine neoplasia type 2A (MEN 2A). The majority of MEN 2A family members have missense mutations at codon 634. The mutations at codon 634, 620 and 618 make up about 95% of MEN 2A family members [1] [2] [3] . MEN 2A patients with Cys630 RET genotype mutations are exceedingly rare [4] , and to our knowledge, only six families [2, [5] [6] [7] [8] are described in the literature. Little is known about the clinical manifestation of this rare RET germline mutation, including penetration, onset, and prognosis of MEN 2A. We re-port three patients of one family with missense mutations at Cys630.
Patients and Methods
In our institute, all patients who have medullary thyroid carcinoma (MTC) are recommended to undergo genetic testing from 1999. Before undergoing the testing, all patients and their legal guardians are requested to receive genetic counseling and to give informed consent in accordance with institutional guidelines and national regulations. As shown in Fig. 1 , six members of a family underwent genetic testing. DNA sequence analysis [9, 10] for the RET gene from their peripheral blood was carried out in our hospital. Three members exhibited Cys630Tyr RET germline mutation.
Results
A 67-year-old woman, the proband (I:1, as shown in Fig. 1 ), presented with a nodule in the anterior neck. A firm mass was palpated in each lobe of the thyroid. Laboratory examination revealed euthyroidism, high calcitonin and carcinoembryonic antigen (CEA) concentrations, and evidence of hyperparathyroidism (Table 1) . Thyroid ultrasonography disclosed an irregular hypoechoic mass containing calcifications, approximately 3 cm in the lower part of the right lobe and a similar mass, 1.5 cm in diameter, in the middle part of the left lobe. A defined hypoechoic mass, approximately 0.5 cm in diameter, existed beneath the capsule of the left thyroid lobe. Cytology of fine needle aspiration biopsy carried out on the right thyroid lobe mass was positive for MTC. Computed tomography (CT) scans showed no lymph-node metastatic disease and adrenal disease. 99m Tc-MIBI scintigraphy revealed intense uptake in the left lower thyroid pole. 123 I-MIBG scintigraphy showed intense uptake in bilateral lobes of the thyroid gland and no uptake in the adrenal glands. In DNA sequence analysis for RET gene from her peripheral blood, a TGC-to-TAC transition at codon 630 of exon 11 was found.
The patients underwent total thyroidectomy with central neck dissection. A large left inferior parathy-roid gland, 1.5×0.6 cm in the size, was removed. Histopathological examination revealed MTCs in bilateral lobes of the thyroid and a parathyroid chief-cell adenoma ( Fig. 2 ). There were no metastatic lymph-nodes.
Serum calcium and intact PTH levels rapidly reduced to normal after surgery. Basal serum calcitonin and CEA levels were 310 pg/ml and 2.7 mg/ml, respectively, four months after surgery. These values have not changed significantly during the 4 years after surgery (330 pg/ml and 4.1 mg/ml, respectively, in the most recent data). CT scans and ultrasonograpy have shown no evidence of tumor recurrence so far. Laboratory examination of blood and urine has shown no development of pheochromocytoma and no abnormality of parathyroid function.
A 40-year-old man, the proband's son (II:3 in Fig.  1 ), visited our hospital by his mother's recommendation. DNA testing revealed that he was a carrier of Cys630Tyr RET genotype. Although he had no palpable thyroid mass and serum basal calcitonin concentration was within normal range (Table 1) , thyroid ultrasonography showed ill-defined hypoechoic lesions, approximately 2 mm in diameter, in the upper one-third part of the bilateral lobes. Serum calcium and intact PTH levels were normal. There was no evidence of metastatic disease and of adrenal disease. Calcitonin stimulation test was not performed. Total The arrow marks the proband. Ages denote age at the time of examination. Asterisk denotes age at thyroidectomy. Note that proband's mother ( ¶) died at 25 years of age of unknown cause.
thyroidectomy was proposed and accepted by him because of high possibility of MTC. He underwent total thyroidectomy with central neck dissection, and total parathyroidectomy, with forearm autotransplantation of four glands. Histological examination revealed Ccell hyperplasia and multiple microscopic MTC foci, less than 1 mm in diameter. Basal serum calcitonin and CEA levels were normal at 5 months after surgery. A 10-year-old boy, the proband's grandson (III:2 in Fig. 1 ) also showed a carrier of Cys630 RET genotype. Basal serum calcitonin was 30 pg/ml and CEA, 2.2 ng/ ml. On ultrasonography, a normal thyroid gland was observed. He has been followed up conservatively without obtaining his parents' consent for surgery. Three other individuals (II:1, II:2, and III:1 in Fig. 1 ) of the family showed no carriers of the RET genotype.
Discussion

MEN 2A patients with Cys630
RET genotype mutations are extremely rare. Only limited clinical information is available about penetration, onset, and prognosis in Cys630 RET genotype [5, 6] . Most of the previous papers, as shown in Table 2 , reported that MTC with codon 630 mutation clinically appeared as familial medullary thyroid carcinoma. Only Machens et al. [6] reported a patient of a family with Cys630Arg RET genotype mutations having also primary hyperparathyroidism (PHPT). But they did not give a detailed description of the patient, who was diagnosed and treated in another hospital.
In the present paper, a 60-year-old woman with MTC had asymptomatic hyperparathyroidism and no pheochromocytoma, and she did not have any relatives with them. This is only the second reported case with primary hyperparathyroidism. Among MEN 2A variants, those with RET 634 mutations appear to have the highest penetrance, resulting in early onset of MTC and frequent development of hyperparathyroidism and pheochromocytoma [1] . In contrast, RET 630 mutations might be associated with lower penetrance of PHPT and pheochromocytoma.
At present, prophylactic thyroidectomy is recommended for family members who have RET mutation. Because MTC has been identified as early as age 5 years, thyroidectomy is advocated before that age in most types of MEN 2A gene carriers [9] . However, the necessity of an early total thyroidectomy is controversial when an infant has a germline mutation with less aggressive phenotype and shows no clinical evidence of malignant disease. The risk category of the consensus guidelines [9] does not include cases with a RET mutation in codon 630. To our knowledge, except for two reports [5, 6] , there are no reports concerning prophylactic thyroidectomy in the literature. Machens et al. [6] reported three patients of a family with Cys630Arg RET genotype, all of whom had MTC including a 1-year-old one. They recommended early prophylactic thyroidectomy before 5 years old. Dourisboure et al. [5] reported 10 patients of one family. They all had MTC including a 5-year-old child. In the present paper, two patients who underwent surgery were of re-latively high age, 67 and 40 years of age, and the latter patient had only microcarcinoma foci. These patients had no lymph node metastasis and their serum CEA levels were normal after surgery. We suppose that MTC in patients with codon 630 mutations might have relatively favorable prognosis and thyroid surgery might well be performed at an older age than before 5years of age, which is advocated for infants with other high-risk MEN 2A mutations. 
